In this work, the microstructure, thermal and electric conductivity properties of near-zero thermal expansion ZrW 2 O 8 /ZrO 2 and Al 2 O 3 added ZrW 2 O 8 /ZrO 2 composites were studied. Both the two composites exhibit very low thermal conductivity and the thermal conductivity decreases slightly as the temperature increases. The electric conductivity of the two composites increases with the increasing of the measurement temperature. The Al 2 O 3 added ZrW 2 O 8 /ZrO 2 composite has higher thermal and electric conductivity than ZrW 2 O 8 /ZrO 2 composite. The most important factor which causes the difference of the thermal and electric conductivity of the composites is the porosity.
Introduction
Cubic zirconium tungstate, ZrW 2 O 8 with unusual negative thermal expansion was found in 1996 by Sleight 1) and has received considerable attention in recent years. ZrW 2 3) ZrW 2 O 8 can be used in the pure form, either as film or as ceramic bodies. However, the most attractive application is to prepare composites with controlled thermal expansion which may be used in the fields such as optics, microelectronics, engine components and so on. composites with near-zero thermal expansion were wildly studied for its potential used as substrate materials for mirrors in various telescope and satellites. We have successfully developed two methods to prepare ZrW 2 O 8 /ZrO 2 composites, mechanical admixing 10) and in-situ reaction. 11) In this paper, the thermal and electric conductivity properties of near-zero thermal expansion ZrW 2 O 8 /ZrO 2 composites were reported for the first time.
Experimental
Two types of ZrW 2 O 8 /ZrO 2 composites, S 1 and S 2 , were prepared by mechanical admixing method and ZrO 2 and ZrW 2 O 8 were used as the raw materials. The relative parameters of the two samples are listed in Table 1 . The powder mixture was pressed and sintered at 1473 K for 24 h in air in a hermetical Pt crucible, then quenched in cold water as described in reference.
10) The microstructure of the specimens was observed by using a scanning electron microscope JEOL-JXA-840A (20 kV; Tokyo, Japan). The thermal diffusivity a of the samples was tested by laser-flash thermal diffusivity methods and the thermal conductivity was calculated from: 12) l＝a･C p ･r (1) where l is the thermal conductivity, a is the thermal diffusivity, C p is the specific heat and r is the density. C p was calculated by the thermal capacity of ZrO 2 and ZrW 2 O 8 which was obtained in reference [12] and [13] . The size of the samples required is F10×1.5 mm 3 and tested in the temperature range of 298-473 K. The instrument was designed by Shanghai Institute of Ceramics, Chinese Academy of Sciences, Nd-glass laser was used and the pulse energy is 3J. Before the measurements, the sample surface was coated with ～5 mm emulsion graphite in order to prevent the laser from penetrating the sample. The electrical conductivity was measured with an impedance analyzer HP4192A (HP Co. LTD, USA) in the frequency range of 10-10 6 Hz and at temperatures from 373 K to 773 K in air. The opposite sides of the samples were painted with silver paste. 14) there is no reactions between ZrO 2 and ZrW 2 O 8 during the sintering process which had been proved in previous work. 
Results and discussion
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JCSJapan Yang et al.: Thermal and electric conductivity of near-zero thermal expansion ZrW2O8/ZrO2 composites polished, S 1 and S 2 . Obviously, S 1 ( Fig. 1(a) ) has more pores than S 2 ( Fig. 1(b) ) which can be reflected from the density listed in Table 1 . Due to the insufficient sintering of ZrO 2 , the obtained ZrW 2 O 8 /ZrO 2 composite is frangible. However, the density of the composite increases rapidly as 0.35 amss Al 2 O 3 was added. Some glass phase was found between the particles in Fig. 1(b) and it has been identified as Al 2 (WO 4 ) 3 .
10) Al 2 (WO 4 ) 3 melts when sintered at 1473 K, 15) which would accelerate the diffusion speed of the ions or atoms and improve the sintering ability of the composite. The emergence of small amount of Al 2 (WO 4 ) 3 liquid during the sintering formed new solid-liquid interface which would reduce the driving force and grain growth rate. So the pores always adhered to the gain boundary during the sintering and discharged at last. However, with the increase amount of Al 2 O 3 , too much Al 2 (WO 4 ) 3 liquid will accelerate the growth of the grains and induce secondary recrystallization. Moreover, Al 2 O 3 and ZrO 2 may react and form limited substitutional solid solution during the sintering according to the Al 2 O 3 -ZrO 2 phase diagram.
16) The reaction equation is given below. The reaction caused lattice defects which would also increase the cations diffusion speed in some extent, though the reaction was not proved in our experiments. Al 2 O 3 additive has slight effects on the thermal expansion property of the composites and the reason had been discussed before. 
3.2 The thermal conductivity of ZrW 2 O 8 /ZrO 2 composites Table 2 listed obtained thermal diffusivity a, calculated specific heat C p and thermal conductivity l. It should be noticed when calculated the C p of S 2 , the influence of Al 2 O 3 was neglected because the volume of Al 2 O 3 is so small compared with the matrix. So S 1 and S 2 have the same specific heat C p at a given temperature. Figure 2 shows the temperature dependence of the thermal conductivity l for the two samples measured. Both the two samples have low thermal conductivity and Al 2 O 3 added ZrW 2 O 8 /ZrO 2 composite, S 2 , has higher thermal conductivity than sample S 1 in the temperature range of 298-473 K. The thermal conductivity of the two samples decreases slightly as the temperature increases.
The lattice vibration is the main thermal conduction entity in inorganic non-metallic materials. The phonon-phonon interactions, as well as defects, impurity and grain boundary, which would cause phonon scattering was the main source of thermal resistance in low temperature. As the temperature increases, phonon vibration energy and frequency increase which would increase phonon-phonon interactions, shorten the phonon mean free paths and decreases 
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where l c and l d are the thermal conductivity of continuous phase and disperse phase respectively and V d is the volume fraction of disperse phase. The viod has very low thermal conductivity, as the porosity increases, the phonon mean free paths decreases obviously and thermal conductivity decreases. The porosity is the most important factor which causes the difference between S 1 and S 2 . Of course, the new phase Al 2 (WO 4 ) 3 and the defects may have effects on the thermal conductivity of the composites as well.
3.3
The electric conductivity of ZrW 2 O 8 /ZrO 2 composites Figure 3 shows the electric conductivity curves of ZrW 2 O 8 /ZrO 2 composites as a function of temperature. It can be observed that the electric conductivity of the two samples increases with the increasing of the measurement temperature, characteristic of a thermally stimulated process, should be attributed to the increase of the charge carriers energy with the rise of the temperature. The Al 2 O 3 added ZrW 2 O 8 /ZrO 2 composite, S 2 , has higher electric conductivity than that of S 1 .
Generally, the relationship between the electric conductivity s and temperature T in the solid materials can be described as Equation (4): 18) s＝s 0 exp (-E/kT ) ( 4) where E is the electric conductivity activation energy of the material, k is Boltzmann constant, s 0 is a constant in a given temperature range. According to the Eq. (4), the electric conductivity s increases as the temperature increases. However, the above electric conductivity curves of 
